Renal artery stenosis (RAS) is an important cause of arterial hypertension and chronic kidney disease. The aims of our study were to assess the prevalence of RAS and to examine the frequency of variants of renal vasculature, that is, multiple and/or accessory renal arteries in hypertensive patients referred to renal angiography. We evaluated retrospectively 1554 arteriographies of hypertensive patients. Angiograms were evaluated to find RAS, significant RAS (460% stenosis of the lumen), radiological signs of atherosclerosis, aneurysms of the renal arteries or aorta and variants of kidney vascularization. The frequency of RAS including occlusions was 15.1% (21.3% of them were significant and suitable for revascularization). Variants of renal arterial vascularization were found in 26.5% of patients (multiple renal arteries-11.2% and accessory renal arteries-15.3%). Significant RAS was found more frequently in patients older than 60 years-OR 4.76 (2.08-10.86). Coronary artery disease, history of myocardial infarction or stroke significantly increased the chance of RAS detection. The frequency of renal accessory arteries was lower in patients older than 60 years and in patients with the radiological signs of atherosclerosis. Results of this study indicate that haemodynamically important RAS is found more frequently in hypertensive patients older than 60 years. Symptomatic atherosclerotic disease found in the peripheral and/or coronary arteries and diabetes mellitus increases the chance of RAS detection. Decreased occurrence of renal accessory arteries was found in hypertensive patients with radiological signs of atherosclerosis.
Introduction
Renal artery stenosis (RAS) is one of the causes of both arterial hypertension (renovascular hypertension) and chronic kidney disease (ischaemic nephropathy). The most common aetiology of RAS is atherosclerosis, especially in older male patients. Rarely RAS is caused by fibromuscular dysplasia (usually in females younger than 40 years). All the other causes, such as neurofibromatosis or tumours suppressing from the outside of the renal artery, are very rare. The diagnosis of RAS based on clinical signs and symptoms described in the textbooks of hypertension remains difficult. Clinical manifestations of RAS (hypertension, renal failure, hypokalaemia and episodes of acute left ventricular failure with flush pulmonary oedema) are non-specific and are often attributed to other chronic kidney and cardiovascular diseases.
Large discrepancies regarding the prevalence of RAS exist in patients with arterial hypertension (for a review, see Zoccali et al. 1 ). High (20%) prevalence of RAS was reported in patients with arterial hypertension resistant to antihypertensive therapy. 2 Davis et al. 3 found an even higher RAS percentage (reaching 32%) in patients with grade III or IV hypertensive retinopathy. Lower prevalence of RAS (10.1%) was reported in the large series of autopsies of hypertensive patients. 4 The aims of this study were: (1) to assess the prevalence of RAS in a large group of patients in a wide range of age with arterial hypertension referred to renal angiography and (2) to examine the frequency of variants of renal vasculature, that is, multiple renal arteries and accessory renal arteries.
Methods
A total of 1572 consecutive digital subtraction arteriographies (DSAs) performed from 1998 to 2003 in the Department of Radiology, University Hospital SPSK-M, Katowice, Poland, were analyzed retrospectively. Eighteen DSAs performed in kidney-transplanted patients were excluded from the analysis. The majority of these patients were referred from the Department of Nephrology, Endocrinology and Metabolic Diseases, Medical University of Silesia.
The demographic data of patients are presented in Table 1 . The most frequent indication for renal DSA (n ¼ 1273) was arterial hypertension resistant to antihypertensive therapy, defined as the lack of normalization (systolic blood pressure 4140 mm Hg) of blood pressure with administration of at least three antihypertensive drugs (one of them was diuretic). The other indication for angiography was suspicion of RAS based on the significant difference in the kidney's size in 2D sonography, worsening of kidney function after initiation of treatment with angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker (used seldom in this group) or signs and symptoms of severe atherosclerosis (peripheral artery disease, coronary artery disease and stroke) coexisting with arterial hypertension.
All of DSAs were performed using digital subtraction angiography equipment, Angiorex (Toshiba, Tokyo, Japan). The contrast agent was Urografin 76% or Ultravist (Schering AG, Berlin, Germany).
The majority of DSA were conducted by intraarterial administration of the contrast medium (n ¼ 1528). Only in 26 cases the contrast agent was administered intravenously. In all the studied patients non-selective renal angiographies were performed. These procedures were carried out with a pigtail catheter positioned at the level L 1 vertebral body in the postero-anterior projection. During the intra-arterial protocol that lasted for 11 s, 31 pictures were taken (the first 16 every 0.2 s and the remaining every 0.5 s). In the intravenous protocol, pictures were taken with 5 s delay after administration of the contrast agent during subsequent 19 s (60 pictures taken every 0.3 s). The injection rate of contrast agents (Urografin 76% or Ultravist (Schering AG) used alternatively) was 10-15 ml s À1 (the total amount of contrast agent was 40-60 ml per acquisition). In all DSAs anterior-posterior images were acquired. In selected patients (as per the radiologist's decision) the images at 451 angle were also acquired. All images were recorded digitally and digital subtraction was carried out. In all patients with kidney dysfunction (plasma creatinine concentration above 130 mmol l À1 ) intravenous 0.9% NaCl infusion was performed before angiography in order to prevent contrast-media nephropathy. In the majority of these patients acetylcysteine was also given orally.
All DSAs were evaluated for the presence of RAS, radiological signs of atherosclerosis (the irregular narrowing of descending aorta and iliac arteries), aneurysms of the renal arteries and/or aorta, as well as variants of kidney vascularization. Severity of RAS was estimated with digital assistance. Moreover, when RAS was found the consensus of at least two experienced radiologists was required to assess RAS severity.
Renal artery stenosis was diagnosed as significant if the luminal narrowing exceeded 60%. If the narrowing of the lumen exceeded 90% high-grade RAS was diagnosed. Complete occlusion of the renal artery was diagnosed if only part of the renal artery adjacent to the aorta was contrasting or if there was a complete lack of renal artery contrasting, but the presence of cirrhotic kidney was confirmed in the late renography phase or by other visualization techniques (such as ultrasound or computer tomography). If RAS was localized in the ostium of the renal artery 'ostial' stenosis was diagnosed. Fibromuscular dysplasia was identified as the cause of RAS when multiple stenoses and the 'string-ofbeads' appearance of the artery were found. Moreover, all cases of renal artery aneurysms were classified as fibromuscular dysplasia.
A 'small' kidney was diagnosed if the long axis of the affected kidney was below 8.0 cm, including a 'hypoplastic kidney' if the small kidney sustained the ability for visualization of the collecting system in intravenous pyelography and a 'cirrhotic kidney' if the ability was lost.
Analyses of the variants of kidney vascularization included the presence of multiple (defined as more than one artery of similar size entering the kidney) or accessory (defined as a small artery supplying a small part of the kidney pole) renal arteries ( Figure 1 ).
Statistical analysis was performed using Statistica software version 6.0 (StatSoft Inc., Tulsa, OK, USA). All data are presented as means±standard deviation (s.d.). Groups with or without radiological signs of atherosclerosis and RAS, and with or without RAS were compared using chi-square test. Ten-year-age interval subgroups of patients were compared using chi-square. Logistic regressions were used to compute odds ratios for age subgroups and subgroups with co-morbidities such as diabetes mellitus, coronary artery disease, and previous episodes of stroke or myocardial infarction. Results were considered as significant for Po0.05. A small kidney regardless of the potential cause was found in 148 patients (9.5%). Among them kidney cirrhosis was diagnosed in 81 patients, including 4 with RAS and 52 (64.2%) with complete occlusion of the supplying renal artery. The other 25 patients presented cirrhotic kidney with patent renal artery, suggesting non-vascular cirrhosis. Hypoplasia of the small kidney was diagnosed in 44 cases. In the other 23 patients it was not possible to distinguish between hypoplasia and cirrhosis on the basis of medical records. The agenesis of the kidney was revealed in 15 and the horseshoe kidney in 3 patients.
The radiological signs of atherosclerosis were present in 328 angiograms. Among this subgroup the frequency of clinically significant RAS or renal artery occlusion (15.5 vs 4.7%; Po0.001) was higher than in the whole group of patients. In addition, 6 aneurysms of renal arteries (4 of them not combined with RAS) and 25 aneurysms of abdominal aorta were visualized.
Variants of renal arterial vascularization were found in 411 (25.7%) patients, including multiple renal arteries in 174 and accessory renal arteries in 237 patients. There was similar frequency of visualization of multiple renal arteries in patients with or without radiological signs of atherosclerosis (10.1 vs 11.5%; P ¼ 0.45) as well as in patients with or without stenosis of the main renal arteries (10.5 vs 11.3%; P ¼ 0.83). However, the prevalence of accessory renal arteries was significantly lower (P ¼ 0.005) in patients with radiological signs of atherosclerosis 10.4% than in those without such signs (16.6%). Moreover, the prevalence of accessory renal arteries was significantly (P ¼ 0.03) lower in patients with stenosis of the main renal artery, including occlusion (10.7%), than in those without such stenosis (16.1%). As mentioned before, stenosis of accessory renal artery was a rare finding, that is, only in 2 out of 237 patients (0.84%) with such variant of kidney vascularization. None of the patients had a stenosis both in the main renal artery and in the accessory renal artery; also none of the patients had multiple stenosis in multiple renal arteries supplying the same kidney.
Ten-year age subgroup analysis Subanalysis of 10-year age interval subgroups (Table 2) showed that RAS occurs more frequently in older patients. Such a tendency reached statistical significance in the group of patients older than 40 years. Similar age patterns of ostial type of RAS and radiological signs of atherosclerosis of aorta and 
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P Kuczera et al iliac arteries were found ( Table 2 ). The prevalence of clinically significant RAS as well as complete occlusion of renal artery and aortal aneurysms were markedly higher in patients older than 60 years ( Table 2 ). The analysis of age as a factor increasing the chance of detection of clinically significant RAS revealed that higher chance for RAS is observed in patients older than 60 years (Table 3) . Moreover, significantly higher prevalence of kidney cirrhosis was also found in patients older than 60 years. A tendency for less frequent diagnosis of a kidney agenesia in patients older than 60 years was also noticed. We did not observe any differences in frequency of renal artery aneurysms, which were rare findings (Table 2) . Angiography was highly effective in detection of RAS without concomitant kidney cirrhosis in patients older than 60 years ( Figure 2 ). However, it was necessary to perform 14-18 procedures to detect a patient who could be referred to revascularization procedures. A significant decline in prevalence of accessory renal artery with age was found when patients were divided into three age subgroups (Figure 3 ). The frequency of visualized accessory arteries was almost 40% lower in patients older than 60 years than in those younger than 40 years ( Figure 3) . We did not observe such striking differences with respect to visualization of multiple renal arteries.
Predictors of RAS
The analysis of factors increasing the chance of detection of RAS revealed that coexistence of diabetes mellitus and coronary artery disease, previous episodes of myocardial infarction or stroke are the aggravating ones (Table 3) .
Angiography-related complications
In the entire study no renovascular, aortic or other catheter-related complications, except for local Renal artery stenosis in hypertensive patients P Kuczera et al haematomas attributable to renal angiography, were observed.
Discussion
This study showed the prevalence of RAS, identified the factors increasing the chance of RAS detection and examined the frequency of variants of renal vasculature, that is, multiple renal arteries and accessory renal arteries, in a large cohort of hypertensive patients. To the best of our knowledge it is the largest analyzed series of renal angiographies in hypertensive patients published until now. The frequency of RAS (including occlusion) in the whole studied group was 15.1%. However, only 21.3% of the identified RAS was haemodynamically important or critical without cirrhosis of the supplied kidney, suitable for revascularization procedures.
It is difficult to directly compare our results with those obtained by other authors as these epidemiological studies were usually focused on patients with symptomatic atherosclerosis, such as ischaemic heart disease or claudication. In addition, the important methodological differences between studies make them difficult to compare. Wilms et al. 5 have shown the 22% prevalence of RAS (450% of lumen) in patients with peripheral arterial occlusive disease. In their small subgroup (n ¼ 43) of hypertensive patients the RAS prevalence reached 28%. This is even more frequent than in our subgroup of hypertensive patients with arteriograms showing the signs of atherosclerosis in the aorta and/or iliac arteries (15.5%). However, in the majority of our patients, peripheral arterial occlusive disease was asymptomatic. Wachtell et al. 6 showed 14% of RAS (450% of lumen) prevalence in a group of patients with peripheral ischaemia. Buller et al. 7 found 21.6% of RAS prevalence in patients undergoing coronary angiography with at least one selection criteria: severe atherosclerosis, resistant hypertension, unexplained renal dysfunction, history of acute pulmonary oedema presumed due to diastolic left ventricular dysfunction. The above-quoted studies involve the patients with clinical symptoms of atherosclerosis, which presumes more severe disease and this may explain a higher percentage of RAS than found in this study. Moreover, our patients were markedly (over 10 years) younger (45 ± 14 vs 62 ± 9 years) than those in Wilms' et al. 5 study. In the study of van Jaarsveld et al.
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prevalence of RAS (450% of lumen) was shown in patients with drug-resistant hypertension or ACE inhibitor-related deterioration of renal function. However, patients suffering mostly from moderately impaired renal function were included in that and this may explain the higher prevalence of RAS.
The prevalence of significant or high-grade RAS in the whole studied group was relatively low. Therefore the clinically important aspect of the study was to find selection criteria that could increase the chances of identifying RAS and improve the selection of hypertensive patients who should undergo renal DSA or angio-CT. The analysis of factors increasing the chances of detection of clinically significant RAS revealed that coexistence of diabetes mellitus, history of myocardial infarction or stroke is the most aggravating one (Table 3) .
In this study we also analysed the prevalence of RAS in different age subgroups. RAS occurred more frequently in patients older than 40 years (Table 2) . However, haemodynamically important RAS was more frequent in patients older than 60 years. Similar prevalence of RAS in different age groups was already found by Buller et al. 7 in patients undergoing coronary angiography.
The important aspect of this study was the analysis of the visualized accessory renal arteries. Accessory renal arteries are aberrant arterial branches originating directly from the aorta, usually serving the small portion of the kidney. Predominantly these arteries are longer and narrower than segmental arteries arising from the main renal artery. This can predispose to the local kidney ischaemia and increase renin secretion in such patients. 8 This Figure 2 Number of angiographies needed to diagnose one significant stenosis (460%) suitable for revascularization procedures. Figure 3 The prevalence of the multiple and accessory renal arteries in age intervals (statistical significance vs age group o40 years).
mechanism may lead to the development of renovascular, renin-dependent hypertension. Moreover, isolated stenosis or occlusion of accessory renal artery with patent main renal trunk can produce renovascular hypertension. In our study we found that stenosis of accessory artery was rare (0.8%). This finding confirms results of earlier studies with lower number of investigated patients. 9, 10 Accessory renal arteries based on autopsy studies are seen in 20-30% of normal patients. 11, 12 In this study similar prevalence of the accessory renal arteries to such autopsy data was found only in the young patients. We have observed a significant, gradual decline of renal accessory arteries' visualization rate with age (from 19.3 to 10.6% Figure 1 and Table 2 ). We can only speculate that such a low occurrence of accessory renal arteries may be because of their complete ostial occlusion as a consequence of atherosclerosis. The lower frequency of accessory renal arteries in both patients with radiological signs of atherosclerosis and those with stenosis of the main renal arteries is directly in line with such hypothesis. We do believe that narrow vessels such as accessory renal arteries, if completely occluded, cannot be visualized with DSA. Complete occlusion of the accessory renal artery can lead to local kidney ischaemia, increase renin secretion and consequently induce or aggravate the course of hypertension in such patients. Undoubtedly, confirmation of this hypothesis is still required through needs further prospective studies.
